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Afcoxytatton process using plmetaJBc oxo catalyst. 

@ Alkylene oxide adducts of organic compounds having 
an active hydrogen are prepared by a process In which an 
active hydrogen reactantand an alkylene oxide reactant are 
reacted In the presence of a catalyticaJly effective (RO)„M- 
O-fcT-O-MfOR)* wherein each R Is (Independently) an op- 
ttonally-eubstituted organic moiety, M* Is a divalent metal 
selected from the elements of Groups VIII, lb. lib, 1Mb, and 
IVb of the Periodic Table, each M is (Independently) a biva- 
lent or tetravalent metal, and each n Is 2 If the adjacent M Is 
bivalent or 3 If the adjacent M is tetravalent The products 
are useful, for Instance, as nonlonlc surfactants In detergent 
formulations. In certain preferred embodiments, the pro- 
cess yields a product having a very desirable distribution of 
alkylene oxide adducts. 
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ALRQKQAIXCN PROCESS USING 
RTMRTAT,T f TC GKD CATALYST 



ttiis indention rela t es to a process for the preparation of 
alkylene oxide adducts of active hydrogen compounds. 

Mare particularly, this invention relates to a process for 
such preparation employing a particular bimetallic oonpound as 
catalyst. 

A large variety of products useful, for instance, as 
surfactants, solvents, and chemical intermediates, are prepared 
by the addition rea c tion (alkoxylation reaction) of alkylene 
oxides with organic compounds having one or more active hydrogen 
atoms. As an example, particular mention may be made of the 
alcohol ethoxylates and alkyl-substituted phenol ethoxylates 
prepared by the reaction of ethylene oxide with aliphatic 
alcohols or substituted phenols of about 8 to 20 carbon atoms, 
which ethoxylates are common nonionic detergent components of 
commercial cleaning formulations for use in industry and in the 
hems. An illustration of the preparation of such an aliphatic 
alcohol ethoxylate (represented by formula HI below) by 
addition of a number (p) of ethylene oxide molecules (formula 
II) to a single alcohol molecule (formula I is presented by the 
equation 



Alkylene oxide addi t ion reactions are known to be promoted 
by contact with a catalyst, conventionally a catalyst of either 
acidic or basic character. 



O 




in 



i 



ii 



- 2 - 



0 180 266 



The present invention relates to an alkcoqdaticai reaction 
ca t a ly zed by oertain bimetallic okd ccnpounds. Such substances 
have been known from the publication of Ph. Teyssie et al 
entitled "Catalysis with Soluble M-O-M'-O-M Bimetallic Oxides 
5 (Chemtecfa. , March 1977 f p. 193) . The bimetallic axo ccnpounds 
have not, however, been recognized as useful in promoting 
alkoxylation reactions. 

The invention involves the discovery of a process for the 
production of alkylene oxide adducts (alkoxylates) characterized 

10 by a narrow alkylene codde adduct distribution". Alkylene oxide 
additi o n reactions are known to produce a product mixture of 
various alknxylate molecules having a variety of alkylene oxide 
a ddu cts, (axyalkylene ad duc ts) , e.g., having different values 
for the adduct nuntoer p in for m ula m above. The adduct number 

15 is a factor vAiich in many respects controls the properties of 

the alkoxylate molecule, and substantial effort is often devoted 
to tailor ing the adduct nuntoer distribution of a given product 
mixture to its intended service. In certain preferred aspects, 
the present invention is a process characterized by enhanced 

20 selectivity for the preparation of alkoxylate mixtures in which 
a relatively large prop o r t ion of the alknxylate molecules have a 
maiber (p) of alkylene codde adducts that is within a relatively 
narrow range of values. The alkoxylate products having such a 
narrow range distribution are preferred for use in detergent 

25 formulations. Narrwrange alkoxylates are also particularly 
valuable as chemical intermediates in the synthesis of certain 
carbcKyalkylated alkyl polyethers and of certain alkyl ether 
sulphates. 

Attenpts made in the prior art to produce alkoxylates 
30 having a more narrow-range distribution of alkylene oxide 
adducts have centered upon processes for the preparation of 
alcohol alkoxylates, and most particularly upon the preparation 
of ethylene oxide adducts of higher (C g to C^) aliphatic 
primary alcohols. The ocmnon conventional basic catalysts, i.e. , 
35 cxnpcunds of the alkali metals, are known to be responsible far 
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the production of alcohol ethoxylates having a relatively broad 
distribution. Conventional acid-catalyzed alkoxylation catalysts 
nave long been recognized to produce alcohol ethaxylate products 
having a narrow distribution of alkylene oxide adducts. However, 
acid catalysis is known to have substantial disadvantage in 
several respects. For instance, the acids are often unstable, 
with limited life and effectiveness as catalysts in the 
ethoxylation mixture. Both the catalysts themselves and their" 
decomposition products catalyze side reactions producing 
relatively large amounts of polyethylene glycols, and also react 
directly with the ccnponents of the alkoxylation mixture to 
yield organic derivatives of the acids. Overall, use of acid 
ethoxylation catalysts is known to result in relatively poor 
quality products. 

A great deal of attention has recently been given in the 
art to processes which utilize basic compounds of the ai i»i iiy* 
earth metals as catalysts for the preparation of alcohol alkoxy- 
late products having a relatively narrow-range distribution. For 
instance, it has recently been reported (U.S. Patent Nos. 
4,210,764, 4,223,164, 4,239,917, 4,453,022, 4,453,023, 
4,302,613, and 4,375,564 and the published European Patent 
Applications Nos. 0026544, 0026546, 0026547, 0085167 and 
0092256) that alkoxylation promoted by basic barium, strontium, 
calcium and magnesium oompc is, either alone or with «p*Hfjgd 
co-catalysts, yields an alkoxylate having a distribution which 
is more narrow or peaked than that of the product of an 
alkoxylation promoted by basic compounds of the Group I metals. 
Such products are still, however, considered to be less than 
optimal from the standpoint of overall product quality, require- 
ments for catalyst removal, and/or narrowness of product distri- 
bution. 

It has now been found that certain bimetallic oxo compounds 
are useful as catalysts for the addition reaction of alkylene 
oxides with alcohols and other organic compounds having one or 
more active hydrogen atoms. 
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Accordingly the invention relates to a process for the 
preparation of alkylene oxide adducts of active h y drogen con- 
taining oo q pou nd s, which oanprises reacting an alkylene oxide 
reactant with an active hydrogen reactant in the presence of a 
5 catalytically effective amount of a bimetallic oko ccnpound of 
the formula 

(ED) M-O-M f H>M(0R) w 
n n 

wherein each R is an optional ly-substi toted organ ic moiety r M f 
is a divalent metal selected fran elements of Groups VHI, lb, 

10 Hb r nib, and IVb of the Periodic T&ble, eachM is a fcrivalent 
metal or a tetravalent metal, and n is 2 if the adjacent M is a 
trivalent metal or 3 if the adjacent M is a tetravalent metal. 

It has further been found that the rise of such bimetallic 
ckd ccnpcunds as alkaxylation catalysts provides a process for 

15 the preparation of an alkaxylate product, particularly an 

alkanol ethaxylate product, having an exceptionally narrows-range 
alkylene oxide adduct distribution. This product is of high 
quality (relatively free of by-products) and is characterized by 
a distribution which is notably more narrow or peaked than that 

20 of products of conventional alkaxylation reactions catalyzed by 
basic ccnpcunds of either the alkali metals or the alkaline 
earth metals. 

The attac h ed drawing represents, in its one figure, a 
representative plot of the distribution of alkylene oxide 

25 adducts in products prepared by reaction of ethylene oxide with 
Cj^ and C 13 primary l i n ea r aliphatic alcohols in the presence of 
each of three different catalysts. The curve designated A 
rep r esents the typical distribution of a product prepared losing 
a conventional basic alkali metal alkaxylation catalyst, speci- 

3Q fically KQH; curve B represents the typical distribution of a 

product prepared using a conventional basic alkaline earth metal 
alkaxylation catalyst, specifically barium hydroxide; and 
curve C represents the distribution of a product prepared under 
practice in accordance with the invention. 
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On the horizontal axis is given the oKyethylene adduct 
muter ranging frcm 1 to 10. On the vertical axis is given the 
weight percentage of product with a certain number of cxy- 
ethylene units, in the total reaction product mixture. 

Die invention is generally applicable to processes 
utilizing any alkylene oxide (epoxide) reactant containing one 
or more alkylene oxides having from two to about 20 carbon 
atoms, Specific examples of alkylene oxides suitable far use in 
the alkoxylation of active hydrogen containing compounds are 
well known in the artC Preference generally exists for -the use 
of the lower, e.g. , Cj to Cg alkylene oxides and for the use of 
the vicinal alkylene oxides. Fran the standpoint of ffrmrer^ai 
interest, specific mention nay be made of the Cj to C 4 vicinal 
alkylene oxides, including ethylene oxide, propylene oxide, and 
the 1,2- and 2,3-butylene oxides. Particularly preferred are 
ethylene oxide and propylene oxide, while use of ethylene oxide 
is considered most preferred. Mixtures of alkylene oxides are 
suitable, in which case the product of the invention will be a 
mixed alkoxylate. 

Likewise, the active hydrogen reactants suitably utilized 
in the process of the invention include those known in the art 
for reaction with alkylene oxides and conversion to alkoxylate 
products. The suitable classes of active hydrogen reactants 
include alcohols, phenols, thiols (mercaptans) , amines, poyols, 
carboxylic acids, and mixtures thereof. 

Among the suitable carboxylic acids, particular mention may 
be made of the mono- and dicarboxylic acids, both aliphatic 
(saturated and unsaturated) and aromatic. Specific examples 
include acetic acid, propionic acid, butyric acid, valeric acid, 
caproic acid, lauric acid, myristic acid, palmitic acid, staric 
acid, oleic acid, rosin acids, tall oil acids, terephthalic 
add, benzoic acid, phenylacetic acid, toluic acid, acrylic 
acid, methacrylic acid, crotonic acid, roaleic acid, and the 
like. 
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Among the suitable amines, particular mention nay be marfe 
of primary, secondary and tertiary alkylamines and of alkyl- 
amines ocaitaining both amino and h ydt u x yl groups, e.g. , 
N,N-di (n-butyl) -ethanolamiiie and tripropanolantine. 

Among the suitable thiols, particular mention may be made 
of primary, sec ondary and tertiary alkane thiols having fran 1 
to about 30 carbon atxxns, particularly those having fran about 8 
to 20 carbon atoms. Specific exanples of suitable tertiary 
thiols are those having a highly branched carbon chain which are 
derived via hydrosulphuraation of the products of the- 
oligomerizatian of lower olefins, particularly those dimers, 
trimers, and tetramers and pentamers of propylene and the 
butylenes. Secondary thiols are exenplified by the lower alkane 
thiols, such as 2-propanethiol, 2-butanethiol, and 3-pentane- 
thiols, as well as by the products of the hydrosulphurization of 
the substantially linpar oligomers of ethylene as are produced 
by the Qxb process. Representative examples of thiols derived 
fran ethylene oligomers include the i-inra-r carbon chain pro- 
ducts, such as 2-decanethiol, 3-decanethiol, 4-decanethiol, 
5-decanethiol, 3-dcriecanethiol, 5-dodecanethiol, 2-hexa- 
decanethiol, 5-*exaderanethiol, and 8-octadecanethiol, and the 
branched carbon chain products, such as 2-methyl-4-tridecane- 
thiol. Primary thiols are typically prepared from terminal 
ole f i n s by hydrosulphurizaticn under free-radical conditions and 
include, for example, 1-butanethiol, 1-hexanethiol, 1-dode- 
canethiol, 1-tetradecanethiol and 2-methyl-l-tridecanethiol. 

Among the polyols, particular mention may be made of those 
having from 2 to about six hydroxyl groups. Specific exanples 
include the alkylene glycols such as ethylene glycol, propylene 
glycol, hyxelene glycol, and decylene glycol, the polyalkylene 
glycol ethers, such as diethylene glycol, triethylene glycol, 
propylene glycol, dipropyiene glycol, and tr ip rcp y lene glycol, 
glycerine, sorbitol, and the like. 
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The alcohols and phenols are today the principal reactants 
in ooa merci al altaxylate production and are preferred classes of 
active hydrogen reactants for purposes of the invention. Among 
the phenols, particular mention may be made of phenol and of 
alkyl-substituted phenols wherein each alkyl substituent has 
from one to 30 (preferably from one to 20) carbon atoms, for 
exanple, p-methylphenol, p-ethylphenol, p-hexylphenol, 
p-decylphenol, didecyl phenol and the like. 

Acyclic aliphatic aloohols form a most preferred class of 
reactants. In this regard, it is found that the aliphatic 
alcohols benefit to a relatively great degree from the 
capabilities of the invention for the preparation of alkoxylates 
having narrcw-range or peaked alkylene oxide adduct distri- 
butions. This is particularly true for the primary irono-hydric 
aliphatic aloohols, although secondary and tertiary aloohols as 
well as polyhydric aloohols are also very suitably utilized in 
the process of the invention. Pre f erence can also be expressed, 
for reason of both process per fo r man ce and ooranercial value of 
the product, for aliphatic aloohols having from one to 30 carbon 
atoms, with C g to-C^ aloohols considered more preferred and C Q 
to C 20 aloohols considered most preferred. As a general rule, 
the aliphatic, aloohols may be of branched or straight chain 
structure, although preference further exists for alcohol 
reactants in which greater than 50 per cent, mare preferably 
greater than 60 per cent and most preferably greater than 70 
per cent of the molecules are of linear (straight-chain) carbon 
structure. 

Specific exanples of primary straight-chain monohydric 
aliphatic aloohols include ethanol, hexanol, octanol, dodecanol, 
pentadecanol, octadecanol and eioosanol. Specific exanples of 
branched chain or secondary aloohols include iscpropanol, 
isoheptanol, 3-heptanol, isodecanol, 2-methyl-l-nananol, 
2-methy-l-undecanol, 4-tetradecanol, and 4-hexadecanol. 
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Mixtures of active hydrogen reactants in general and 
mixtures of alcohols in particular are suitable far purposes of 
the invention and are often preferred for reasons of their 
camercial availability. Mixtures of higher (e.g., Cg to C^) 
5 mcnohydric acyclic ali ph a t ic alcohols are known to be corner- 
cially prepared, for instance, by hydrofbrnylation of olefins or 
by reduction of naturally occurring fatty esters. Specific 
e xample s of cxranercially available alkanol mixtures in the C g to 
Cjg range are the NEODQL detergent alcohols, tradenark of and 

1Q manufactured by S he ll Chemical Conpany, e.g., the products 

identified as NEODQL 91 alcohols (predominantly in the C g to 
range) , NE30DQL 23 alcohols, (predominantly and ^ 
alco h ols) , NBCDGL 25 alcohols (predominantly to Cj^) , and 
NBODCL 45 alcohols (predominantly C L4 and C^) . 

15 Bar purposes of the invention, the alkylene oxides reactant 

and the active hydrogen reactant are necessarily contacted in 
the presence of the specified bimetallic oko catalyst. Such 
materials are known to the art and are conventionally repre- 
sented by the formula 

20 (H3) n M-0-M , -CHM(aR) n . 

M in the above formula represents (individually in each 
occurrence) either a trivalent metal or a tetravalent metal. 
Preferably, each M is independently selected from the group 
co n sisting of aluminium, titanium, baron, vanadium, scandium, 

25 germanium, yttrium, zirconium, tin, lanthanum and other menbers 
of the lanthanide series, hafnium, tantalum, tungsten, 
p allad i u m, and antimony. More preferably, each M is selected 
from the group consisting of alratijiium, titanium, boron and 
vanadium, and most preferably each M is either aluminium or 

3Q titanium. 

M f in the above formula re pre sents a divalent metal 
selected from those divalent metals of the Groups VIII, lb, nb, 
IHb and IVb of the Periodic Table (i.e., the elements of atonic 
number 26-32, 44-50, and 76-82). M' is preferably selected frtm 

35 the group consisting of cobalt, nickel, copper, zinc, rhodium, 
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palladium, silver, cadmium, indium, tin, iridium, and platinum, 
and is more preferably selected from the group consisting of 
zinc, nickel, and cobalt. Most preferred as the M' n*»+-*i are 
zinc and cobalt. 

5 The R substituents in the above fonrula individually and 

independently r e p resent any organic or substituted organic 
grtxp, preferably a hydrocarbyl group and more preferably an 
alkyl group. The carbon nuirbers of the R sii>stituents are not* 
critical aspects of the invention, although preference may be 

10 expressed for R substituents each having from one to 30 carbon 
atoms, most particularly from ore to 20 carbon atoms. Catalysts 
with lower alkyl (e.g., to C g ) R groups are most easily 
prepared and are very suitable for use in the invention. The use 
of catalysts having R substituents with carbon numbers in these 

15 ranges facilitates a homogeneous reaction mixture in which the 
catalyst is soluble in the active hydrogen containing reactant. 
It is not necessary, hroever, that the reaction involve hom>- 
geneous catalysis for purposes of the invention. In this regard 
one or more of the R substituents may suitably be of higher 

20 carbon number and/or the catalyst may be supported on a solid 
carrier, for example, silica, alumina, or a silica/alumina 
mixture, to produce a heterogeneous catalyst. 

The subscripts n in the formula designate the nunfaer of OR 
groups bound to each M. If the adjacent M atom is trivalent n is 

25 2, and if the adjacent M atom is tetravalent n is 3. It is to be 
emphasized that in any one bimetallic coco molecule the two M 
atoms may be different, far example, one a trivalent metal and 
the other a different trivalent metal or a tetravalent metal. 
Likewise, the several R substituents in any one molecule nay be 

30 the same or different organic radicals. 

Methods for the preparation of bimetallic coco ocrapounds 
suitable for use in the invention are described in U.S. Patent 
No. 3,432,445, U.S. Patent No. 3,607,785, U.S. Patent Nb. 
4,281,087, and publication Chemtech, March 1977, p. 193. A very 

35 convenient method for preparation of such a ooqpound in which R 
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represents an ally 1 radical involves the reaction of two mols of 
trivalent and/or tetravalent metal (M) alkcxide with one mol of 
the acetate of a divalent metal (M f ) , for instance, at elevated 
temperature (e.g., 200 °C) and in the presence of a solvent 
5 (e.g., tetralin): 

2(R0) nfl M + M * {Cftc) 2 > (™) -**(OK) n + 2 R0QAC 

If desire d, the bimetallic cko oonpounds may be prepared with 

one set of R groups and then one or more different R group (s) " 

substituted into the molecule by aloofoolysis reaction. 

10 She bimetallic cko ocnpcund is present in the reaction 

mixture in a catalytically effective amount, typically at least 
about 0.01%w (per cent by weight) , based on the active hydrogen 
reactant. Although catalyst quantity is not narrowly critical, 
preference may be expressed for use of the catalyst in amount of 

15 at least about 0.1 %w, while an amount between about 0.2 and 
1.0 %w is co n sidered most preferred. Substantially greater 
quantities of bimetallic coco catalyst, e.g. , 10 or 20 %w, are 
very suitable and may be preferred for applications involving 
heterogeneous catalysts. 

20 In terms of processing procedures, the altaxylatian 

reaction in the invention may be conducted in a conventional 
manner. The active hydrogen reactant and the bimetallic cko 
compound are very conveniently introduced into a reactor, 
followed by ad d ition of that quantity of the alkylene oxide 

25 reactant necessary to produce an alkoxylate product of the 

desired mean or average adduct nuaber, e.g. , typically from less 
than one to about 30. In general terms, suitable and preferred 
process tenperatures and pressures for reactions utilizing the 
bimetallic axo catalysts are the same as in conventional 

30 alkoscylation reactions, between the same reactants, employing 
conventional catalysts. A tenperature of at least about 60 °C, 
particularly at least about 100 °C, is typically necessary for a 
significant rate of reaction, while a temperature less than 
about 250 °C, particularly less than about 200 °C, and most 

35 particularly less than about 170 °C, is typically to minimize 
degradation of the product. Superatnospheric pressures are 



- 11 - 



0180 266 



preferred for processes involving the lower (particularly C 2 to 
C 4 ) alkylene oxide reactants. While these procedures describe a 
batch mode of operation, the invention is equally applicable to 
a continuous process. 

When the preferred C g to alkanols or the preferred 
alJ^l--substituted phenols and the preferred toC 4 vicinal 
alkylene oxides are applied as reactants in the process of the 
invention, the alkoxylaticn reaction is preferably carried out 
at a tenperature in the range from 130 ° to 200 °C f while a 
tenperature between 150 0 and 190 °C is still more preferred. 
Considered most preferred is a reaction tenperature in the range 
from about 165 ° to 175 °C. A total pressure in the range fron 
0,7 to 10 barg is usually preferred for the reaction between 
such higher alkanols or substituted phenols and lower alkylene 
oxides. The alkanol or phenol reactant is generally a liquid and 
the alkylene oxide reactant is generally a vapour for such 
reactions. Alknxylatian is then suitably conducted by 
introducing gaseous alkylene oxide into a pressure reactor 
containing the liquid alkanol. Catalyst is very conveniently in 
solution in, or otherwise mixed with, the alkanol. For 
considerations of process safety, the partial pressure of the 
lower alkylene oxide reactant is preferably limited, for 
instance, to less than about 4 bar, and/or the reactant is 
preferably diluted with an inert gas such as nitrogen, for 
instance, to a vapour phase concentration of about 50 per cent 
or less. The reaction can, however, be safely acccnplished at 
greater alkylene oxide concentration, greater total pressure and 
greater partial pressure of alkylene oxide if suitable pre- 
cautions, known to the art, are taken to manage the risks of 
explosion. A total pressure of between about 3 and 8 barg, with 
an alkylene oxide partial pressure between about 1 and 4 barg, 
is particularly preferred, while a total pressure of between 
about 3.5 and 6.5 barg, with an alkylene oxide partial pressure 
between about 1.5 and 3.5 barg, is considered more preferred. 
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The alkcKylate prepared in the process of the invention is 
typically a product of very acceptable quality, having a 
relatively low content of polyalkylene glycols and other by-- 
products. Unlike the products of typical acid or base catalyzed 
5 reactions of the prior art r the product of the invention is of 
essentially neutral pH. The bimetallic okd aonpounds do not 
impart significant acidic or basic character to the reactants or 
to the product. Accordingly, it is not necessary, as in con- 
ventional practice, to neutralize the alkoxylate product by 

10 addition of base or acid. In this regard, the neutral pH of the 
process is considered to be a further desirably feature of the 
invention from the standpoint of product quality. 

The following Examples and Comparative Experiments are 
provided. 

15 Example 1 

An alkoxylaticn process in accordance with the invention 
was carried out using a bimetallic (zinc and aluminium) axo 
catalyst. The catalyst was prepared by dissolving a mixture of 2 
grams (0.011 mols) of anhydrous zinc acetate and 4.45 grams 

20 (0.022 mols) of aluminium iso p roprcod.de in 100 ml tetralin, and 
heating the resulting solution at 200 °C far 18 hours. After 
cooling to 25 °C the solvent was removed by evaporation under 
vacuum to produce 4.3 grams of a beige powder. 

The active-hydrogen reactant far the altaxylatian was a 

25 NECDGL 23 Alcohol (trademark of and sold by Shell Chemical 

Oonpany) , characterized as a mixture of primary, 80% linear (20% 
branched) , aliphatic alcohols attaining twelve and thirteen 
carbon atoms (about 45% C^, 55% C^). Initially, the liquid 
alcohol reactant was dried by heating under a nitrogen sparge at 

30 130 °C for one hour. Then, one gram (0.0026 mols) of the zinc 
and aluminium bimetal lie axo catalyst prepared as described 
above was added to the alcohol at 130 °C and the mixture was 
main tained at that temperature and under nitrogen sparge for an 
additional hour. 
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The catalyst and alcohol mixture was transferred to an 
autoclave reactor which was then sealed, heated to 170 °C and 
pressured to 5 barg with a mixture of ethylene oxide in nitrogen 
(40% ethylene oxide by mol) . The reaction commenced without an 
induction period. Temperature in the autoclave was maintained at 
170 °C and ethylene oxide was added to the reactor system, upon 
demand, to maintain the 5 barg pressure. About 45 grams of 
ethylene oxide reacted over a three hour period. The reactor was 
then maintained at 170 °C for an additional 30 minutes without 
further addition of ethylene oxide, to consume unreacted 
ethylene oxide in the system. The product was analyzed by 
combined GC/IC and found to have an average ethylene oxide 
adduct number (mols ethylene oxide reacted, divided by total 
mols of alcohol) of 1.5 and to contain 1.3 %w polyethylene 
glycols (PEG) . The distribution of the various adducts in the 
alkcxylate product of this Example is presented in the Table 
below and illustrated by Curve C in the attached drawing. 
Example 2 

The procedures of Example 1 were repeated for the pre- 
paration of a product having an average ethylene oxide adduct 
number of 3.0. The product contained 1.2 %w PEG. 
Comparative Experiments 

Two comparative experiments illustrate that results of the 
use of a bimetallic catalyst according to the invention are 
distinguishable from results of the independent use as catalyst 
of compounds of the individual metals from which the bimetallic 
combination had been derived. 

For one comparative experiment, 66 grams (0.340 mol) of 
NE0DQL 23 Alcohol were dried at 130 °C for one hour under 
nitrogen sparge. One gram (0.0049 mol) of aluminium isopropoxide 
was added to the alcohol and the mixture then heated at 130 °C 
for one additional hour under nitrogen sparge. The catalyst and 
alcohol mixture was transferred to an autoclave, heated to 
170 °C and pressurized to 5 barg with the ethylene oxide and 
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ni tr ogen mixture. Tenperature was maintained at 170 °C and 
ethylene oxide was added upon demand. After 5 hours, only 12 
grams of ethyleneood.de had been consumed , resulting in a product 
mixture having an average ethylene oxide adduct nunber of only 
5 0.73 and containing 0.3 %w PEG. 

For the second comparative experiment, the same procedures 
were carried out utilizing 50 grams (0.258 mol) of alcohol and 
one gram (0.0055 mol) of zinc acetate. After 4 hours reaction in 
the autoclave, only 2 gr ams of ethylene oxide had reacted. The 
10 product mixture contained too little alkaxylate for proper 
analysis. 
Exanple 3 

An alkoKylation process in accordance with the invention 
was carried out using a bimetallic (cobalt and aluminium) oxo 
15 alkoxide catalyst. The catalyst was prepared by reacting cobalt 
acetate with aliiminium isopropoocide (in molar ratio of 2:1) 
under the procedu r es for catalyst preparation described in 
Exanple 1. 

One gram (0.0026 mol) of the catalyst was mixed with 50 

20 grams (0.258 mol) of NB0DOL 23 Alcohol which had been dried at 
130 °C for one hour under a nitrogen sparge, and the mixture was 
h e a ted at 140 °C for one additional hour. 

The catalyst and alcohol mixture was then transferred to 
the autoclave reactor, which was heated to 170 °C and pressured 

25 to 5 barg with the mixture of ethylene oxide (40% mol) in 

nitrogen. Alkoxylaticn commenced and ethylene oxide was added 
upon demand. After four hours, 30.8 grams of ethylene oxide had 
been a dded , pro du ci n g an ethaxylate product mixture having an 
average adduct number of 2.8. 

30 Oonparative Experiments 

Experiments were also conducted under oonparable procedures 
and conditions, but utilizing conventional catalysts and thus 
not in accordance with the invention. In one experiment A, a 
potassium hydroxide catalyst was used to prepare an ethaxylate 

35 of the NEEDQL 23 Alcohol reactant, having an average ethylene 
oxide adduct nutrber of about 1.9. Hie adduct distribution is 
presented in the following Table and also indicated by curve A 
in the attached drawing. 
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In another experiment B, a barium hydroxide catalyst and 
the same reactants were used to prepare a product having an 
average adduct number of about 1.7. The distribution is shown in 
the Table and by curve B of the drawing. 
Example 4 

An altoxylatian process in accordance with the invention 
was practised using a bimetallic (zinc and aluminium) catalyst 
supported on a silica carrier. The carrier was a Davison 57 
silica (30-100 mesh) which had been dried at 300 °C under full 
vacuum for 18 hours. For preparation of the supported catalyst, 
one gram of a zinc/aluminium bimetallic cko compound, prepared 
as desc ri bed in Example 1, was dissolved in 50 grams of dry 
xylene and the solution added to 10 grams of the silica. The 
mixture was slurried at 85 °C for one hour. The solids were 
filtered, washed several times with xylene and dried under 
vacuum at 80 °C for one hour, to obtain a pale yellow powder. 

For alkaxylation, three grams of the supported catalyst 
powder were added to 50 grams of active-hydrogen reactant 
(NE0DOL 23 Alcohol) . The process was carried out using 
conditions and procedures described in Example 1. A total of 
twenty-five grams of ethylene oxide reacted with the alcohol 
over a four-hour period to produce an ethoxylate mixture having 
an average adduct number of 1.5. Distribution of the several 
adducts was essentially the same as that of the product of 
Example 1. 
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T ART J! 



Addict 
Number 
p 


Zn /Al + 
bimetallic odoo 
catalyst 


Preparative Experiments 




Ba(GH) 2 


0 (unreacted alcohol) 


21.9 %w 


28.9 %w 


29.5. %w 


l 


24.9 


13.1 


12.9 


2 


24.5 


13.2 


15.8 


3 


15.8 


11.5 


15.8 


i 4 


7.3 


8.9 


12.3 


5 


1.9 


6.5 


7.3 


6 


1.6 


4.8 


3.4 


7 


0.9 


3.5 


1.8 


8 


0.6 


2.6 


0.7 


9 


0.4 


2.0 


0.3 


10 


0.3 


1.4 


0.1 


11 


0.1 


1.1 




12 




0.7 




13 




0.6 




14 




0.4 




15 




0.3 
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C L A I M S 



1. A process for the preparation of alkylene oxide adducts of 
active hydrogen containing compounds which comprises reacting an 
alkylene oxide reactant with an active hydrogen reactant in the 
presence of a catalytically effective amount of a bimetallic cooo 
compound of the formula (RO) n M-0-M' -O-M (OR) n , wherein each R is 
an optionally substituted organic moiety, M' is a divalent netal 
selected from the group consisting of elenents of Groups VIII, 
lb, Hb, inb f and IVb of the Periodic Table, each M is a 
trivalent metal or a tetravalent metal, and each n is 2 if the 
adjacent M is trivalent or 3 if the adjacent M is tetravalent. 

2. A process as c laimed in claim 1, wherein M is trivalent or 
tetravalent metal selected from the group consisting of 
aluminium, titanium, boron, vanadium, scandium, germanium, 
yttrium, zirconium, tin, lanthanum and other members of the 
lanthanide series, hafnium, tantalum, tungsten, palladium, and 
antimony. 

3. A process as claimed in claim 1 or 2, wherein each M' is a 
divalent metal selected from the group consisting of cobalt, 
nickel, copper, zinc, rhodium, palladium, silver, cadmium, 
indium, tin, iridium, and platinum. 

4. A process as claimed in claims 1-3, wherein each R is a C, 
to C 3Q hydrocarbyl moiety. 

5. A process as claimed in claim 4, wherein R is a to C 
alkyl group. 

6. A process as claimed in claims 1-5, wherein the alkylene 
oxide reactant comprises one or more C 2 to C g vicinal alkylene 
oxides. 

7. A process as claimed in claim 6, wherein the alkylene oxide 
reactant comprises one or more C^-Cj vicinal alkylene oxides. 

8. A process as claimed in claims 1-7, wherein the active 
hydrogen reactant conprises one or more alcohols, phenols, and 
thiols. 
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9. A process as claimed in claim 8, wherein the active hydro- 
gen reactant is selected from the class consisting of acyclic 
aliphatic alcohols having from cone to 30 carbon atoms, phenol, 
and alkyl-substituted phenols wherein each alkyl substituent has 

5 £xuu one to 20 carlou atans. 

10. A proc es s as claimed in claim 9, wherein the alcohols are 
Cg to alcohols. 

11. A process as claimed in claim 10, wherein the alcohols are 
Cg to C^Q alcohols. 

1Q 12. A process as claimed in claim U, wherein the alcohols are 
one or more to monohydric acyclic aliphatic primary 
alcohols. 
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